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PRELIMINARY DESCRIPTION OF THE GROUNDTEST
ACCELERATORCRYOGDJICCOOLINGSYSTEM

W. F. Stewart and F. J. Edeskuty

Los Alamos National Laboratory*

I. INTRODUCTION

The Ground Test Accelerator (GTA) under construction at the Los Alamos

National !Abxatory is part of the Neutral Particle Wam pro~am suppwted by

the Strategic Gefenae Initiative Office. The GTA is a full-sized test

facility to evaluate the feasibility of using a negative ion accelerator to

~oduce a neutral particle beam (NPB). The NPB would ultimately be used

outside the earth’s atmosphere u a target discriminate or as a directed

energy weapon.

The operation of the GTAat wyogenlc tem~rature is advantageow for two

reamns: first, the decrease of tmperatme cauees a corresmnding decrease

in the rf heating of the copper in the Var10u!3 units of the accelerator, and

second, at the lower teinperatme the decrease in the thermal expansion ~meffi-

cient also ~ovides greater thermal stability and consequently, better

operating stability for the accelerator.

The ratio of the electrical resistance of copper at room temperature to

that at cryogenic temperate can attain values well in excess of 100,

l{wever, this same mnparison does not hold for rf heating. The theoretical

ratio for rf heating power fw copper, given in Figure 1, shows that meet of

the advantage of cryogenic cuoling (maxlmun ratio of about 5) is attained when

the temperature is b>low 50 K.

A similar mmparison of th thermal expansion mefflclent shows that che
-5expansion mefflclent is 1.8 X 10 /K at ambient temperature md has decre:]s~:d

to stout 2.8X 10
-6

at 50 K. Alttmu@ the value of the thermal expansion

cxmtinues to decreaae (becoming another order of magnitude smaller at (?OK)

the above reduction was considered sufficient to insure satisfactory ~)~>~t’.i’,l :,

of the GTA, rOVlded the temperate variation during o[w’atlon at full ;UXF!I

within the individual components 1s kept to a minlmml :JIy 1 ‘~r’ i? !(.

*Work sup~rted and funded b“ the Department of l)efmse, IJ5 Ar’my:H,ri! ,,;! I
Defense Gxmnd, under the auapices of the Department of Fnergy.



1.o-

0.9-

0.8-

0.7-

0.6-

O.a -

0.4-

03-

0.2

1
0.1

1
“~~

o m m :IP)

Temperature (Kelvin)

Fig.1. Relatlverf-heatingof copperas a functionof temperatureshowing
a dramaticreductionin rf heatingis obtainedat low temperature,
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The temperature of the liquidhydrogen(20K) is closeto the lowestthat

is conveniently available for operationin spce. To obtainthe maximum

benefitof whatevercoolantis to be used in the GTA, the temperatureof the

coolantmust be allowedto rise as it passesthroughthe GTA (avoiding

two-phaseflow). This temperaturerise,alongwith the necessarytemperature

gradientswithinthe copperbeingcooledand the temperaturedifferenceacross

the coolantfilm,all requirethat the GTA have an operatingtemperature

considerablyabove 20 K. Thus,the operationof the GTA is plannedto be at a

maximumteinperatureof 50 K with the coolantenteringat as low a temperature

as practical.

11. GTA

The GTAwiil acceleratenegativeions (H-)to the desireddischarge

energy(100MeV) and will consistof severalunits. First,an injectorwill

producethe H- ionsat an energyof 40 keV for theirintroductionintoa radio

frequencyquadruple (RFQ)where they will be acceleratedto an energyof

2.5 MeV. The negativeionsnext travelto a drift tube linearaccelerator

(DTL)where they are acceleratedto an energyof 24 MeV. Finally,a combina-

tion of DTL plus a side coupledmvity accelerator(CCL)will completethe

accelerationto 100 MeV, afterwhichthe extra electronwill be strippedf’ran

the H- ion by passagetlrougha thin metal foil to producea &am of neutral

hydrogenatans. Figure2 is a blockdiagramshowingthe variousunitsof the

canpleteaccelerator, and indicatingwhich unitsare to be cooledto cryogenic

temperature(lessthan 50 K). A pictorialrepresentationof the GTA is

presentedin Figure3 .

The heat load to the variousunitsof the GTA will consistof rf heating

in the copper of the accelerator units (thelargestload),thermalheat leak

from the environment,and beam spill (impingementof the beam p~rticlesat th:

outeredges of the beamu~n the acceleratorstructure). The beamstel’rinti

magnet‘willalso contributeresistiveheatinglosoes. ‘;xtcr’n:il*J F,k;f!i;-

celerator,other heat loadswill be contributedby the thermal,heat II,~k:~i:]l

other energy inputsto the transferlinesand the rem;~ind(?r~~ft,h:l:r;~,k:,’:;

Systan.

The testingof the complete accelvr:lt,or will proI;~:IId it] ;;:I~~xJ ;Jjf!I

variousof its unitsbeingfirstt,estedin(livi(lually,t,llt~r)[fl(!~~!jlrl;ll~tj d!‘

-3-
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Fig, 3, Pictorial representationof the GTA,
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others. Therefore,six experimentsare plannedbeforethe additionof the

final DTL/CCL,which will accommodatethe 100 MeV operation. Table I shows

the componentsinvolvedin the variousexperimentsand their coolingloadsand

masses. TableII showsthe nunbersof each of the componentsinvolvedin a

particularexperiment,the resultantcoolingload,and the expectedadditional

thermalloadsand externalheat leaksfor each of the experifiiects.

For applicationin space,the obviom choicefor a coolantwouldbe the

liquidhydrogenthat will alreadybe presentas a fuei. Therefore,the GTA is

beingdesignedfor continuousduty (CW)with hydrogenas its coolant.

However,the GTA will only be testedat a 2% duty factor, or less.

III. THE CRYOGENICCOOLINGSYSTEM

GTA operationrequiresthat the cryogeniccoolingsystem:(1) cool pa~t,

or all, of the entiresystemto operatingtemperature(lessthan 50 K),

withoutthermalshockto any of its components;(2)maintainthe operating

temperate for extendedperiods;and, (3) warm the componentsto ambient

temperatureat a controlledrate. The only fluidsthat can accommodatethe

requirementof operationbelow50 K are neon,hydrogen,and heliun.

To providethe necessarycooiingto the GTA, a numberof different

refrigeratingschemeswere considered. The simplestin conceptwould be the

directdischargeof hydrogenfrom a high-pressurestorageDewar at supercriti-

cal pressurethroughthe GTAto a dispos~ system (flarestack). Becauseof

the added complicationand expenseto acconxnodatethe safetyrequirementsfor

operationwith hydrogenin the acceleratortunnel,the optionof directcool-

ing with hydrogenwas discarded.

A more sophisticatedsystemwould involvea cryogenicrefrigeratorthat

utllize~ heliungas as its workingfluid. However,at the refrigerationloads

under conalderation(50to 250 kW), this typeof refrigeratorwould have a

mucilgreater cost (considerably more than $10 million).

For the intermittentoperationexpectedfor an experimentalfacii‘y .~uch

as the GTA (perhaps4 hours per day, 4 days perweek, for 40 weeks per yeN) ,

a more economicalway to obtainthe requiredamountI)fcryogenicrf?fr’i;~:r-i~,l:,

for the GTA is to purchaseliquidhydrogenFrana ccrmnerci~l:;uppller, UIIj

transferthe refrigerationto the GTA by meims of i tri.u~sfermI>diuTr

“refereefluid.” Thus,with at leasttwo ways to obtainrlefriger-iLir\l[i!

-5-



TABLEI

GfA CRYOGENICALLYCOOLEDCOMPONENTCOLD
MASS AND COOLINGLOAD

Cryogenically Cooled
Component

RFQ

Buncher

Funnel,Low energy

DTL

Funnel,High Energy

DTL/CCL

SteeringMagnet

Maximum
CcOling
Load
(kW)

1.6

1.5

6.o

20.0

4.0

150,0

10.0

Cold
Mass
(kg)

680

100

600

1600

400

1870

70
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TADIF TT

Nunber of HA Cryogenically
Caoled Canpments

RFQ

Blxcher

Fmnel

DTL

Fmnel

St*ring Ma~et

TOLd Ref r Load for GTA CCCS (W)

Cooling Load for Other Canpnents

I-kfrig Rm Load, TGLa.1(kH)

AfUJIJi AA

U30LINGLOADESTIMATESRIR EACHHA
EXPERIMENTALCONFIGURATION

1 1 1 2 2

1 1 1 0 0

0 0 0 1 1
0 1 1 0 1

0 0 0 0 0

0 0 1 0 0

4.1 24.: 34.1 10.2 30.2

2.8 8.4 11.2 4.5 10.2

6.9 32.5 45.3 14.7 40.4

Exp6

2

0

1

1

0

0

34.2

11.3

45.5

100PleV
100 mA

2

0
1
1
1

1

194.2

57.9

252.1

100 MeV
200 mA

4

0
2

2

1

1

223.4

66.6

290.2



severalmethodsof supplyingthe refrigerationto the GTA, thereare a number

of possiblecoolingsystemsthat couldbe used. Severalof the refrigeration

schemesthatwere consideredare shownin Figure4. The schemefinallychosen

was No. 3 in Figure4, with heliumas the refereefluid. Actually,either

heliwnor neon muld accomplishthe cmoling,and the reasonfor the selection

of heliunas the refereefluidis discussedin the next see,.onof this paper.

The cryogeniccoolingsystemwill obtainits refrigerat~oncapbility

fromliquidhydrogenpurchasedfrcm a supplierand deliveredto the GTA

facilityin a 50,000liter (13,000gallon)transporttrailer. The liquid

hydrogenwill be storedin a 106,oooliter (28,000gallon)storageDewar and

transferredthrougha 8.28cm (3 in.) I. D. vacuum-jacketedtransferline to a

smallerrun Dewar. The hydrogenrun Dewarwill containa helium-to-hydrogen

heat exchangerto conductthe heliumgas referee fluid through the pool boil-

ing hydrogen. Additional refrigeration will be obtained from the 20 K boil- .

off hydrogen vapors by warming tk,emwith the returningheliungas (at 35 K) in

an auxiliaryheat exchangerbeforethey are exhawted and burtiedin a flare

stack.

The heat exchangerwill be connectedto vacuwnjacketedcryogenictrans-

fer lines,which lead to a circulationccxn~essorand to the CTA. The helium

circulationsystemwill ~imarily consistof a 8

jacketed“go” line and a 9.55 an (3.5in.) I. D.

The primarycoolingsystemwill also containa 1,

allowthe use of liquidnitrogenfor preliminary

28 cm (~ in.) I. D. vacuum

vacuunjacketedreturnline.

quidnitrogenrun Dewar to

cool-downand sane standby

operationof the system. A heaterwill also be providedfor rapid,but con-

trolledwarmupof the GTA. The valving and piping system will permit passage

of the helium referee I’.uidthrougheither: (1)the hydrogenrun Dewar;

(2) the nitrogenrun Dewar; (3) a purifier;or (4) the warmupheater;and

partially,or completely,bypassall of theseitems. Thus,the cryogenic

systemcan performall the necessaryflmctionsand the heat generatedin the

op?rationof the GTA can be absorbedby the liquid hydrogenevaporatingin the

run Dewar.

At the beginningof operationthe svstemwill be purgedand then fille[i

with pureheliun. The GTAand refereefluidsystemwill be filledto the

oceratingpressureof 21 atmospheres. The heliumgas will be circl~latodIt,

ambienttemperaturethrougha purifieruntil the entiresystem is suffloi(n?,’,.y

-8-
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Fig. 4. Schematic diagram of three of the refrigeration
methods that were considered for the GTA.
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pure. Duringcool-downof the systemheli~lgas will be addedas neededto

maintainthe pres~me at 21 atmospheres.

A more detailedschematicof the selectedcoolingsystemfor the GTA is

shown in Figure5. This systemwill allow the GTA to be cooledat as SICW a

rate as necessaryto avoidexcessthermalgradients(consequently,also avoid-

ing excessthermalstresses). This methodof cool-downwill be achievedby

firstallowinga portionof the circulatingrefereefluidto flw throughthe

heat exchangerin the liquidnitrogen(LN2)run Dewar with as largea fraction

as necessarybeingbypassed. As the temperatureof the GTA lowers,the bypass

fractioncan be reduceduntilit reacheszero. When the temperate of the

GTA is closeto 80 K the flow of the refereefluidcan be redirectedthrough

the liquidhydrogenDewar (againstartingwith sane bypassflow, if necessary)

to completethe coolingprocess.

Dininga shortstandbyperiod,coolingcan be maintainedwith the referee

fluidflowingthroughthe liquidhydrogencooledheat exchanger. For longer

standbyperiodsthe flow can be redirectedthroughthe LN2 Dewarwhen the GTA

has warmedto 75 K, and be maintainedat that temperatureas longas desired.

Note than in all cases,the only fluidenteringthe GTA is the refereefluid.

Duringthe transitionfrom zmo powerto full powerthe fluid in the

return ~rti(JIl of the heliumCirculationSYStet!I will have i~S temperature

increasefrcxn21 K to 35 K in a periodof aboutone minute. Duringthis time,

heli’mwill be removedfrom the systemto maintaina constantopera~irlgpres-

sure. Duringpower reductions(andconsequentloweringof temperaturein the

returnportionof the heliumcirculationsystem),heliumwill be added to

maintainthe pressureat the operatingpressurelevel.

Becausethe refrigeratingpowerneededfor the firstsix preliminary

experimentsis much smaller(50 kW vs 250 kW), the cryogeniccoolingsystem

will be builtin two phases,the first to accommodatea totalsystemmoling

load of 50 kW. For the largerloadsof the 100 MeV experiments(lzs.ttwo

colunnsin Table 11) .3largercoolingsystemwill.be builtin a secondph~:;?.

IIJW SELECTIONOF THE PEFEREEFLUID

As mentionedearlier,hydrogencould performthe coolingfunctim fm ‘.;,II

GTA even betterthan eitherof the other possiblefluids. However,!.:::

-1o-
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expenseand inconvenienceof the necessarysafetyprecautionsmake its use

unattractive.Therefore,the selectionof the refereefluidcan be very

quicklynarroweddownto two cryogens,heliumand neon. TableIII lists

severalof the pertinentpropertiesof thesetwo fluids,and thereare several

considerationsinvolvedin makingthe choicebetweenthem.

The most easilydiscmsed factoris that of cost. A preliminaryestimate

of the cost necessaryto ~ovide the gas for one fillingof the sys’~emshowsa

costof $186,000for neon vs $750 for heliun.

Fran an operationalstandpointthereare severalconsiderationsthat must

be taken intoaccount. A canparisonof the propertiesof the two fluids

indicatesthat with neon,the systemoperationwill be very closeto the

two-phasedune where a slightloweringof operatingpressurewill allowthe

systemto slip into the two-phaseregion. Therefore,pressurecontrolbecomes

bothmore importantand more difficultwithneon. Also, fromTable III it cart

be seen that to assureoperationat a supercritical~essure, neon requiresa

minimun~essure of shut 30 atmospheres,whereasheliumonly requiresa

pressureof 2.2 atmospheres(however,becau,gethe lowegttem~rature available

is 20 K, there is no ccncernabouttwo-phaseflowat any pressurewith

helium).

Beta’&ethe lwest temperatureavailable(20K) is far abovethe critical

temperaturefor heliun,there is no problemof two-phaseflow or of freezing

with hel~unoperation. Hwever, the triplepointtemperatureof neon Listed

in Table III shows that neon will freezeat about24 K, This indicates,for

operationwith neon,the necessityof operatingthe hydrogenrun Dewar at an

elevatedpressure(aboutthreeatmospheres) to raise its temperaturesuffi-

cientlyto WPCl14&3 freezingof the neon.

Table 111 also shows that neon’sgreaterdensityfavorsa lower pressur(>

dropwhen operatingwith neon. For this same reason,the circulatingmmpros-

sor becomesan easiertask for neon thanwith hel!um.

Anotherconsideration1s the ressure variationduringopcr:~t.if>r].‘Xit::l

the GTA systemat zero power, the entire cxmllng :~ynt(m w~LL bv fi!l,~~lx:’!

the refereefluidat the lowe9tpossibleoperatingtwnper?turl?(,)[)K witk~

helium,or 25 K with ne?n). When the aecelvratorl:Jt,l~’f~td(jr),ftu’ f’lIIi!

returningto the heat excha?gerin the run Dewiirw~ll h: it,jL)K. l’,)t\’\l,-

quently,the qualityof fLuid in t,hunynk,(mmunt ,lll,}l[’r$vlr$y wi’11 I!:I’

-12-



TABLE III

PROPERTIESOF NEON AND HELIUM

Neon
PhysicalProperties

CriticalPressure(MPa) 2.65

CriticalTemperature(K) 44.4

NormalBoilingTemperature(K) 27.1

TriplePoint Pressure (MPa) 0.0433

TriplePointTemperature(K) 24.5

MolecularWeight 20.183

SystemPropertiesat DTL
(Inletand Outletvaluesgiven)

Pressure (MPa)

Temperature(K)

Heat TransferCoef

Density(g/cm3)

Viscosity(MPa.s)

3.3-3.29

26.9-36.2

(kW/m2.K) 4.2-5.7[27-36K)

1.231-1.052

129-60.6

SpecificH{::it.(J/goK) 1.86-2.51*

Helium

0.229

5.2

4.2

4.0026

2.1-2.o8

21-35

4.2 (21-36 K)

0.049-0.027

44.4-55.8

6.0-5.5

~cp val.ueggivenare for saturatedl~quldat inlet and outlet tt??lkv’aturfas
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power level, or the pressurewill adjU9t itselfto maintainconstantdensity

with partof the system (about40%) at the highertemperature. If the latter

methodof operationis adopted,the neon will producepressurevariations of

over 100 atmospheres,whereashelim woduces about 5 atmospheres. Probably

an attemptto controlpressurevariationwill have to be made with either

coolant. However,pressurecontrolis absolutelynecessaryin the caseof

neon,and much less impmtant in the case of heliun. Finally,thereis a

desireon the part of the GTA designersto maintainan operatingpressureno

higherthan 21 atmospheres,thus favoringheliumover neon.

Therefore,the decisionwas made to utilizecold heliungas as the

refereefluidfor the followingreasons:

1. Operatingpressurecan be lwer with heliu’n.Neon requiresa minimum

operating pressure of 27 atmospheres,whereasheliuncan be used at any
pressure;however,the higherthe pressure,the lowerthe pfessuredrop.
An operatingpressme c? 21 atmosphereshas beenchosen.

2. Pressurecontrolis easierwith helim becauseof the umallerpres-
sure variationbetweenfull load and no load.

3. The knowledgeof physicalproperties(andheat transferdata.)is more
complete ~or heliun.

4. The use of heliumresultsin a cost savingsof over $100,000for each
fillingof the system. Althoughit 1s possiblethat the facilitycould
k operatedwith Lily one filling,this would be unlikelyfor an extended
experimentalprogram.

5. The helirm coolingsystemcan be operatedat the lowesttemperature
available(closeto 20 K), which is an advantageto the GTA and also
allowsthe hydrogenrun Dewar to be operatedat localatmosphericpres-
gure (590 t~rr). With neon, the hydrogenrun Dewarwould have to be
oper=tedat abouta threeatmosphereoverpressurewith the oddltional
disadvantagethat the~mal stratification within the run Dewar is possible
and could cause some momentary local freezing of the neon.

It is remgnlzed that there:we two disadvantagesto (~peratlonwith

-14-



2. The pressuredrop in the acceleratorwill be somewhathigherwit!.
heliunthan withneon. In the externalcirculationsystemthe prenure
drops can be made equal by selectingsomewhatlargerpipe sizes. rhe
cost penaltyfor this is minimal. The pressuredrop throughthe GTA will
be about a factorof two higher (0.2atm for heliw VS O.1 atm for neon).
This willresultin an increasedcost for hydrogenrefrigerantwhichwill
have a higherconsumptionrate becauseof the pump energythatmust be
removed. This cost is alsominimal.

v. CLOSINGREf?ARKS

Constructionof the cryogenic coolingsystemfor the GTA is sck?ed’uled to

beginin January1989, and the systemis to be operationalby mid 1(290.With

me exceptionthis coolingsystemutilizesonly standard,well-developed

ccfnponents.That exceptionis the ccmp-essorto effectthe circulationof the

refereefluid,which requiresthe developmentof a cold compressoror pump.

Thiswould ~obably be less of a developmentwith the utilization~?fneon as

the referee fluid than with the klelium. In either case, the flu!d x111 have

to be kept above its critical ~essure to avoid two-phase flow with the conse-

quenthigherpressuredrop and the liklihoodof pressureand flow o:; collation,

However,the beliefthat this is not an insolublepoblem is supportedby at

least threemanufacturerswith experiencewith smallercold compressorsor

pullps.

As soon as some operatingexperienceis gainedwith the first phase,

design of the seared (larger) phaseof the system will begin,

-15-


